Identification of the amino acid residues essential for the activity and the interconversion of the molecular forms of biliverdin reductase.
Biliverdin reductase (molecular form 1, EC 1.3.1.24, bilirubin:NAD(P)+ oxidoreductase) carries three thiol residues. Only one of them could be alkylated when a ratio N-ethylmaleimide (NEM)/mol enzyme's SH = 90 was used. The alkylation of this thiol group inhibited the conversion of molecular form 1 to its dimer, molecular form 3; however, it did not inhibit the enzymatic activity. At a ratio of NEM/enzyme's SH = 300, two thiol residues were alkylated and the activity of the enzyme was totally inhibited. The third thiol group could not be alkylated either by NEM or by iodoacetamide. Biliverdin as well as the co-substrate NADPH protected the thiol residue essential for the enzymatic activity from alkylation. Spectroscopic evidence was obtained that this thiol group binds covalently to the C-10 of biliverdin to form a rubinoid adduct. The presence of a lysine residue, which is also essential for the enzymatic activity, could be inferred from the fact that by reduction of the Schiff base formed by the enzyme with pyridoxal phosphate the catalytic activity was irreversibly abolished. The location of a lysine residue in the vicinity of the thiol group involved in the catalytic activity was evident when the enzyme was treated with o-phthalaldehyde. The inactivation of the enzymatic activity was coincident with the formation of the fluorescent isoindole derivative which originates when the thiol and epsilon-NH2 groups are located about 3 A apart. The presence of a positively charged ammonium ion in the vicinity of the NADPH binding site was inferred from the shifts in the UVmax of NADPH from 340 nm to 327 nm and of 3-acetyl NADPH from 360 nm to 348 nm when the pyridine nucleotides bind to the reductase. The involvement of arginine residues in the enzymatic activity was established by inhibition of the latter after reaction with butanedione. This inhibition was totally protected by NADPH but not by biliverdin. The similarity of the structural features of biliverdin reductase with those of several dehydrogenases is discussed.